UNCLASSIFIED 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  :5TAT10N.  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


GO 

O 

CD 

.o 


JPRS:  17,391 

31  Januaarv  iQft'l-  * 

■I  ^°T0R  REFERENCE  ONLY  AT  EACH  OF  THE 

DDC  OFFICES.  THIS  REPORT  CANNOT 
BE  SATISFACTORILY  REPRODUCED;  DDC 
OOEi  NOT  FURNISH  COPIES. 


S&T 


4i<', 


o 


Qr 


Cu 


CORRECTION  METHOD  FOR  RECOGNIZING  PATTERNS 
V,  A,  Kovalevsfciy 
-  USSR  - 


u,  s.  Dm-Rm.iNT  Of  comuct 

OffjCE  OF  rfCHN.?CAl 


-  DC 

^  JUN2r'"-^  j 

TISIA  E 


SrRVICeS 


•^o?nt  mucAvc:^i,  research  servjcf 

..A.O  ^  A,,r«,SW 


Price;  $,5o 


FOREWORD 


This  publication  was  prepared  under  contract  for 
the  Joint  Publications  Research  Service,  an  organization 
established  to  service  the  translation  and  foreign-language 
research  needs  of  the  various  federal  governnient  depart¬ 
ments. 

The  contents  of  this  material  in  no  way  represent 
the  policies,  views,  or  attitudes  of  the  U.  S.  Government,"^ 
or  of  the  parties  to  any  distribution  arrangements, 


PROCUREMENT  OF  JPRS  REPORTS 


All  JPRS  reports  are  listed  in  Monthly  Catalog  of  U. 
Government  Ti vb  1 1  cat i ors ,  available  for  $'!,50  ($6,00  foreign)  per 
year  (including  an  annual  index)  from  tl'ie  Superintendent  of 
Documents,  U.  S.  Government  Printing  Office,  Washington  25,  D.  C, 

Scientific  and  technical  reports  may  be  obtained  from: 
Sales  and  Distribution  Section,.  Office  of  Technical  Services, 
Washington  25,  D.  C.  These  reports  and  their  prices  are  listed 
in  the  Office  of  Technical  Services  semimonthly  publication. 
Technical  Tr’-  'slations,  available  at  $12,00  per  year  from  the 
Super! ntenueiiC  of  Documents,  U.  S,  Government  Printing  llffice, 
Washington  25,  D.  C. 

Photocopies  of  any  JPRS  report  are  available  (price  upon 
request)  from:  Phctoduplicatlon  Sevvl cp ,  Llhz'jvy  of  Gongi'iess, 
Washington  25,  D.  C. 


JFRSj  17,391  I 


COSKEIATIOII  MF.rHO»  FDR  EECOCiTOIMO  PATOTRS 
-  USSR  - 

[FollO'vfiag  1.8  a  tramslatioit  of  an  article  by  ?»  A.  Kova- 
leYskiy  (Kiev),  pwbliehed.  ia  Zhursal  Vyahlsdltei’acy  Kateaa- 
Mcbgakoy  Fialkl  (Journal  of  Advanced  CoTOutijsg  Matheniaticai 
Pbyaicil,  Mo8coV;f  Vol  4,  Ro  1962,  pp  tc4-69^*] 


The  problem  of  rs'cegnitioa  of  pettsma  is  one  of  the  tisssly  prob¬ 
lems  in  cyberhetics .  It  arouaes  ln,toreBt  especially  ia  connection 
vith  the  construe  iw.  of  scaaning  jBachlnea  iatendjed  for  use  in  olec" 
tronic  idata  processing. 

The  task  of  yscognition  consists  of  clasising  each  pattam  la  one 
specific  gra(is,  also  denooiaated  iaago.  'Jb.o  coBip3.icity  of  the  task 
of  recognition  depends  on  the  setup  of  the  clasBes. 

la  this  article  the  case  is  inves'ti.sat'ad,  e&ch  olaaa  being  set 
up  by  maans  of  a  certain  standard  pattern  in  such  n  vay  that  all 
petterne  of  a  given  class  arise  from  the- standard  pattern.- ,is.s  an 
Issue  of  distortions  described  through  definite  statistical  regu¬ 
larities.  These  dietortions  might  cover,  for  instance,  invastiga- 
tionu  on  darken-ing  of  the  background,  shift  of  the  pattern,  pro¬ 
portionate  increase  In  the  measures  of  the  pattern,  Incidental. dark¬ 
ening  or  lightening  of  certain  points,  denewtnated.  In  the  foli-ow- 
ing  aa  noises, and  so  on. 


1.  Criterion  of  Recognition 


j?3acb  pattam  can  be  described  as  a  function,  of  tm  ^'■ari.ables ,  re- 
preseriting  the  intensity  or  the  reflection  eoeffieiant  in  each  pointy 
As  a  specific  exairple  we  sliall  in  the  following  ’  investigate  patterns 
realized  on  plane  paper  and  described,  by  the  reflection  coefficient  | 


1 


X  awl  y  are 

*  b-js  the  parjer. 


the  Cartesi&ti  coordimtes  of  a  certain  pbj[n|; 


Ik  8.i'!Coya*»,c3  the  assuKied  tol®raaces>  the  pattesm  obtained  aa 
a*?,  issue  of  the  k“'''  d;i,storfcion  of  the  staudjard  ok©  ean  he  d®s<;r:l'bed  by 
t1a«!  riaictlou 

J  . f  l.'t  } 

vher®  ap,  -apj,  «....  are  several  raiidom  parameter  c'lxaracte rifling 
thi!  diatoi^-^on  and  rlx,  y)  is  the  raacto  function  describing  the 

BCniK-dc 


Cue  specifies  iu  tb&t  uay  the  stt|!sri'a:g:’Os;itioti  of  the  scand  out  of 
al3,  poasiKle  die? tort ioraa^  it  being  described  as  a  siE^le  additive  fiinc“ 
tltsp.  Tnat  i'isakes  it  s&sy  to  coaputs  the  probability  serving  for  the 
isitftFpoletlon  of  the  recognition  of  the  criterion. 

In  orc'^r  to  iaelude  a  certain  unknown  pattern  f  (:^t  y)  in  one  of 
thii!  ■&  alesseSf  it  is  neseasary  to  eosspute  the  probability  of  a 
,  thsisis  that  tbs  givsB.  pattern  la  the  rasul.t  of  the  distoiliioTs  of  that 
or  of  another  standard  and  to  choose  a,n!ong  then  the  greatest  probabil- 
ltj'4  'Iho  prob&bl3,itieB  of  the  hirpothesis  (k)  vill  present  them- 
Sf;s3;ves  as  z'el&tive  probabilities  of  the  standards  for  the  condition 
uKdtftr  vhl.eh  the  given  pattern  should  ej^jeer. 

It  is  e3<pedisnt  to  co'iHpiite  these  prabsibilities  by  taking  into  ac- 
■rjouwt  those  tKiBSforaJations  of  the  pattestis  vhlch  are  generally  re¬ 
alized.  with  systems  of  2'eTolution  or  scanulng.  In  a  systesi  of  this 
klK.d  the  baajfl  illuminates  a  small  section  of  the  pattenew  The  illu- 
vdinatiori  of  the  seetioji  might  bo  unequa.1  and  is  circumscribed  in  the 
gaE^eral  case  by  a  certain  fimctloa  gfx  -  Xi,,  y  -  yx)  v?here  a’ld  yx 

are-  the  coordinates  of  the  center  of  the  iil'jmtnatsd  aection.  In  the 
borders  of  the  lllumimfced  section  gtx  ■-•  xi,  y  ^  yx)  0* 


The  light  reflected  from  the  pattern  fjii.lls  on  a  photocell),  where- 
tofore  the  current  of  the  laitter  is  proportionate  to  tlie  mean  cosf- 
flic-lent  of  the  reflection  of  the  iliuffilwnted  section.  S'; 


With  eqml  distribution  on  the  rstsga  of  t'he  pattern  N  of  points 
•ifitb  coerdlaates  xj.  y^(i  —  2,  ....n),,  one  might  so  describe  the 

rfiic.cgrilzed  patterns  as  the  etandard  patterns  with  vectors  p  of  K 
0'i‘t.er  -- 


Xq  a.pp3,y‘.tng  raid  transformations  to  ecmtlon  (l ».!..)  one  obtains: 

I  p,  ■"  ?( («i. «» . <=»)  +  '■,  •  ( 1 4  2 ) 

Let.  us  find-  now  the'  probability  of  the  hs'pothesis  P.^,  (k)- 
According  to  the  foratxila  of  Bayes: 
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.L. 


i»t»  -  y(fc> 
yip) 


(I'S) 


ifcmi,  2,  .  4  .  ,  a)  . 


I  Here  (  ?)  ia  the  conditional  density  of  the  piT>baT3ility  for  pattern  | 

(7  apipearlng  as  a  result  of  distortion  of  the  standard;  pC.'s)  is  ths  ’ 
absolute  (a  priori)  probability  for  the  k  standard  or  h  iiflaga;  p(i^) 
is  the  absolute  density  of  the  probability  of  the  given  recogtiltlon . 

Ijet  us  cong:.'ute  first  the  valiie  P5{;(^)«  So  far  ns  sccording  to  (1.2) 
ths  accidental  aagnitude  ■?;.  Is  the  total  of  tvo  independent  sosldsntal 
rngiaitudes,  the  density  of  its  distribution  is  equal  to  the  inte-grs,! 
beoia  of  the  distribution,  for  ^i(a)  and  hi.  . 

Let  us  aasuRie  that  one  has  to  deal  'jd-th  a  Gaussian  distributioa  and 
that  it  has  independent  components.  This  assuri^Jtion  is  valid  if  the 
sections  illuminatsd  by  a  scanning  system  do  not  overlap  and  hsuva  greater 
dimensions  tha.n  the  range  of  correlation  of  the  noise.  In  such  a  case 
the . following  distribution  of  probabllitiee  is  valid  for  every  compo¬ 
nent  of  the  noise; 


where  S''  is  the  dispersion  of  the  noise. 


The  probability  that  given  values  of  the  coirponents  of  noise  appear 
6imultaneou.sly  is  by  virtue  of  their  independence  equal  to  the  product: 

In  this  way  the  density  of  the  probability  for  the  noise  is: 


V 1?)  “« ~  p  2  '1 )  ‘ 


(1 


■■k) 


The  multidimensional  density  of  the  probability  of  the  parameters  &y 
is  designated  by  p(a).  Then  the  required  density"  of  probability  is: 


■  5) 


Here  the  jn-fold  integral  xfloves  In  the  m-dimensional  range  of  the  vari¬ 
ations  of  the  parameters  e.^, . 


The  probabilities  of  the  hypotheses  might  be  computed  in  accordance 
X'hLth  the  equation  (I.3).  Thus,  there  is  no  need  to  corntput-e  the  rngni- 
'tuds  p((<)  figuring  in  the  denominator,  as  one  might  find  it  on  the  con 
dition  of  the  normalization; 


Tnus : 


2  i. 


«/>  (*)^  p(a)oxp|  2  i?<  —  Pi 


(1.6) 

(l.T) 
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r"*"  '  ■  ■ 

I  HerfS  the  coefficien'c  eC  do«a  not  depend  on  k  and  appears  under  coM,dl,- 
tifma  of  noswa-llmtion  (l«6). 


The  recognition  of  the  patterns  hy  the  method  of  pi'oha'bi^.ities  of 
hj'potheses  can  he  reproduced  in  the  following  my^  Let  ua  introduce 
the  coneapt  of  the  Fbh  space  in  which  the  values  of  the  reflection 
coefficients  S’/-  'the  individual  sections  of  the  pattern  searre  as  co¬ 
ordinates.  In  0u<2h  space^  ?i  eerbain  point  corresponds  to  each  p's.ttei'n. 
If  one  sub.iects  the  standard  pattern,  to  all  distortions,  with  the  ex- 
ception  of  supeir^iosition  of  the  noi/38,the  corresponding  point  .is  shifted 
in  the  space  describing  a  range  in  a  oestain  m-diffiensioml  subspaca. 

Let  us  denominate  It  ns  the  range  of  the  standard. 

T].ie  ra.ngas  of  the  various  standards  do  not  intersect  one  another 
if  the  distortions  are  such  that  one  cannot  obtain  an  identical  ds3l,gn 
out  of  two  dd^fferent  standards. 


In  s'aperinrposing  t'he  noise  the  point  might  pass  the  limits  of  the 
ra.nge  of  the  standard:  ‘Ihe  px'obabillty  that  the  point,  as  a  conse¬ 
quence  of  the  superiaipoaition  of  the  noise,  fel3.  out  of  the  range  of 
the  Ic  standB.rd  into  the  neighborhood  of  the  point  with  coordinates 
is  characterized  by  the  above -produced  magnitude  As  is  .shown 

in  (l;M>  the  density  of  the  probability  of  the  noise  is  a  function 
of  Z  'I't  •  It  is  expedient  in  connection  with  that  to  introduce 
into  '■'tie  surface  in  question  the  distance  between  the  two  points 
find  <)i‘’is  determined  by  the  Inagnit^^de 


Wow  one  can  state  that  as  a  consequence  of  (lo)  and  (l.6)  the  density 
of  the  probability  Pj^Cs’)  and  the  probability  P  (k)  decrease  proxjortion- 
ately  as  the  point  recedes  fitim  the  range -of  the  stands,rd.  One  can 
infer  by  analogy  ivltb  the  obvious  three-dimensional  instance  tha-t  this 
geometrical  locus  Is  an  (N  -  l)  dimensional  hypersurface  subdividing 
the  entire  sxirface  in  two  ranges;  on  one  of  them  p/ravails  the  pro'babil- 
ity  of  the  k  hypothesis,  on  the  other  the  .t  respectively. 


Figure  1 


H 


I 


If  one  draws  up  such  interfaces  for  each  pair  of  standards,  the  who^e 
i  sirrface  will  appear  to  'be  subdivided  into  n  j'anges,  and  we  shall  call  j 

A .  ■  — ► 


k 


I  them  •su'C:?«5q,i.iei3tly  :mnges  of  iTmg&s  or  Gileses  of  pa,tteiT.s  v  In  d&sk 
•Ijms*  rang©  Is  encloissd  ths  eoan-^sposding  standard  (Fig^xre  l). 

In  crier  to  reeogniae  a  pattern  it  sisffifteg  to  dstemine  i-a  which 
cf  the  n  i^tiges  the  point  of  this  pattenx  falls »  ,  I'fee  answsp  to  this 
qyestlon  is  given  hr  coisputiag  th«  probability  of  the  hypotheses  ?i?(k) 
and  by  comparing  thajs. 


criterion  of  recognition  baaed  on  the  probability  of  the  'hyp'O™ 
theses  oppsaro  to  be  perfect.  It  haa,.  hcvferar,  the  defieiency  that  the 
formula.  (1.7)  fbr  eosgsuting  the  raine-s  F^'(k)  is  aongjliesited.  where  fore 


1.5  hardly  suitable  for  use  in  acme  klxid  of  recording. 


inter- 


estlrii;?  in  connection  with  that  to  find  &  aore  siiiipie  criterion  of  re- 
cognition  that,  snsiires  a  hlgh-lftYel  probability  of  cori*eat  recognition. 
On®  sj;t,ght  find  ouch  a  sisgsliflad  criterion  on  the  basis  of  the  follow¬ 
ing  conaider^tions  * 


The  distances  bstwear.  the  interface  of  two  definite  standards  end 
the  Winges  Of  those  standards  era  virtually  not  equal.  The  relation 
of  these  distances  depends  aa  much  on  the  pecvilierltiee  of  the  stend^ird 
patterns  jss.nlfestsd  In  the  various  characters  of  the  function 

(a, If  B.yf  .....ejj.),  as  on  the  &  prfori  proba'bilitlss  of  the  standards 
p(k ).  HoveVer,  in  the  case  of  a  airall  noise  dispersion  (in  sonrp&rls&a 
with  the  stus.i*e  distanoe  to  the  inte,rfacft)'  the  p;robability  is  vary  smll 
that  a.  patt6i*n  near  to  the  interf0,cs  might  appear,  and  a  deliberate 
shift  of  the  int®,rface  within  certs, in  limits  hardly  affects  the  proba¬ 
bilities  of  correct  recognition. 


‘Th&r&for^f  on*  might  take  in  the  capacity  of  an  Interfafie  of  two 
standards  s,  geomatrieal  locus  01'  points  at  egtal  difstancs  fwa  the 
ranges  of  these  standards.  Then,i  to  recogni,‘Ee  a  pattero,  it  sufficiss 
to  compute  its  shortest  distanc*  frois  all  the  xvxngec  of  fne  standards! 

mwfl  »  i«ia  sf  (M., S. . , . , ( .1 .8  ) 

and  select;  tha  smllast  of  these  rm.gtt,itude0 .  Eere  the  Klnimuxa  affocti-s 
nil  the  values  of  the  pamiseters  of  th*  distortions  ay.  Suoh  c-riterloa 
of  recognition;  is  considerably  more  simpi-s  end  convenietit  for  corffouta- 
tlons .. 


Ons  srdgbt  astiffiats  in  the 
cori’ect  recognition  by  thi.a 
be  incorrectly  reccgnizad  if 
limits!  of  the  J'anga  of  the  k 


follotrtng  wuy  the  probability  of  an  ia- 
eriterioas  a  pattej*n  of  the  k  qI&sb  will 
the  co.rrasponding  point  falls  beyond  'fch 
tmage  bordai'ad  by  squidistaut  rsn.^cfacas . 


In  ords;r  to  compute  the  probability  of  such  an  event,  it  is  necees!?!.! 
to  integrate  ths  expression  (;L.5)  'oy  a  density  of  piobsbility 
for  the  section  of  the  space  f,  situated  outside  the  j'a.nge  of  the  k 
i3«ag«.  Consaquently,  the  probability  of  an  aiToneous  reeofraition  of 
pattern  belonging  to  the  image  k  is  equal  to: 


(1.9) 


"t 

I 

I 


f »  (Offi.)  -«  {  dp,  .  .  .  £«>,,  .  (  ‘  9  ) 

i 

11\e  pro'ba'aility  of  an  incorrect  recognition  of  a  pattern  belonging 
to  a  particular  Ijrage  is  eqioal  toi 


P(oa.)  .=  2  Pi  (oet.)  ■P(k), 

»-i 

vhere  P(k)  is  the  a  priori  probehility  of  the  k  iirege. 


It  is  evident  tl'j&t  the  probahil-ity  of  an  error  in  a  particular  image 
does  not  exceed  the  niaximtim  error  of  the  pro'oabllities 


Xet  «8  vrite  the  expression  after  having  substituted  (1.5 ) 

and  (1.9) 

.V  ^ 

i>4,(oa.7  » ...dtjp^...dp^,,. 

S5cc’nengl.ng  the  sequence  of  integration  and  observiiig  that! 

rfs„«  4, 


one  might  estimate: 

h,  (om. )  ^  2  --  ‘  “>,v  • 


(1.10) 


X;C-t  US  substitute  a""  range  of  integra-tion  more  convenient  for  com¬ 
putation  to  vit,  with  a  section  S  of  •the  space  located  out-sids  the 
sphere  S  -with  a  radius  of  .f-d./),.-;-*  wliere  ^  the  shortest  distance 

betveen  t-wo  i*angas  of  standards  in  utKCSt,  proximity  (E!iee_  Figure  2.) 

Tihe  center  of  the  sphere  is  in  the  point  (a''');Vhere  is  the 
value  of  the  parameters  of  the  dlstor^iion  for  ■vs4ich  the  iiategiml  (l.lO) 
is  at  maximum.  As  far  as  such  a  sphere  lies  as  a  -whole  inside  the 
range  of  the  k  image,  the  space  outside  'bhe  sphere  comprises  the  space 
outside  •the  range  of  the  image.  Consequetitly,  through  suhstitatioo 
of  the  range  of  integration,  the  integre.!  of  the  positive  density  of 
the  probe bij.ity  can  only  increase.  This  la  valid  for  anji-  k,  among  them 
that  where  the  magnitude  Pj^Cerr.)  is  at  a  majclmu'm  because  the  chosen 
radius  of  the  sphere  is  smaller  than  hal'ii*  of  the  shortest  distance 
between  the  particular  sta-ndards; 

Pio-a.XmuP, 

'  '  J  i-i 

With  the  suhatitution  of  the  variables  r.  •-'  'Jy"  05ie  trans- 

I  fsj’s  the  center  of  the  sphere  to  the  oria'in  of  the  coordinates .  j 


(l.ll) 


Tb«  ftjcpressioji  of  the  right  side  of  (l*ll)  represeata  by  itself  the 
probability  that  the  uoiss  reator  r  will'b*  found  beyoad  the  borders  ' 
el'  the  sphere  Sa  vith  a  radius  -^d  that  is,  the  Iceiiivallty 


-  -4'., . 


Will  be  fulfilled 


Oae  Bight  find  the  probability  of  this  ineiimlity  by  means  of  the 
so-called  dispersion  >i'’’(8aft  (iD*  Th®  total  of  the  K  eqxsare  inde- 
pandant  incidental  magnitudes  subo^nate  to  a  nowsal  distribution 
with  iero  center  and  diapersioa  d'-followfi  for  great  N  a  rttle  of  die-^, 
tributlca  close  to  the  norjaal  erne  with  center  W  O’^'and  dispersion  ii  •'V'C'; 
therefore: 


<aK0 


[ - msr-f 


(i.ia) 


I  r 


Here  4  "  ""ettis  the  nonaal  rule  of  distribution. 

The  obtained  relation  makes  It  slnple  to  establish,  for  instance, 
a  conclusion  likes  the  probability  of  the  error  does  not  exceed 
O.OCl  if: 


that  is, 


(1.13) 


.  It  is  necessary  to  observe  that  the  subaitted  appraiaal  of  the 
probability  of  error  is.  greatly  overestiasatad  and  the  pTObabllity 
of  error  is  actually  considerably  lower.  This  is  connected  with 
the  possibility  of  highly  overstating  the  mwber  of  standards  n 
in  case  of  a  noaiber  If  elesients  of  distribution,  that  there  exist 
j  aany  directions  in  tho  space  to  which  a  point  of  the  pattern  might 
~tSu,b8cript  after  P  «  error] 
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I  bft  dispJjactsid  and  not  eomfi  close  to  any  Istterface .  By  .substituting  for"i 
the  actual  lnt^2rfaces  the  sp?aere  with  miniitauB  radius,  ve  reckon  that 
ry  point  at,  a’  diatanca  frois  the  range  of  that  standard  e.'ssceedins  ■•••?  d 
ii'ijjli.es  an  Intersection  of  the  interface  and  induces  a.ri  errc^r- 

.i.s  B  result  we  come  to  the  conclusion  t'tet  to  re&ogni'se  patterns 
one  can  ii)3Jr,e  successful  use  of  the  cr-ttei^ion  of  the  mlniniua  distances 
--  i.  e.,  the  jalniBurs?  mjpaitude  for  every  standard  and  for  every  pos¬ 
sible  dlstortlori . 

j  jf 

!  if'i  —  I'l  '.*)!’ 

j  t^i 

and  to  invsstigats' for  which  smndard  this  ratnimua  is  saiallest. 


£.  Recognition  of  Machine -Recorded  Signs 


By  recogriiaing  letters  and  t).u;!iam.ls  printed  on  a  certain  recording 
I'nachlue  one  can  o)o.oose  for  standards  shapes  of  signs  printed  under 
certain  Ideal  conditions .  In  that  case  definite  tolerances  might  be  ad' 
sisitted  concerning  possible  distortion  in  the  standards .  Let  us  suppose 
that  &  certfi, i.n  sign  printed  on  the  given  isvachine  is  difjfe;rcnt  from  the 
.standard  only  in  its  location  on  th(2  paper^the  average  coefficient  of 
reflection  inhei'ent  to  the  paper  and  the  paint,  and  also  in  the  pre¬ 
sence  of  different  defects  of  printing  to  be  considered  as  noise .  llie 
coRiputed  alternations  of  the  standards  can  be  ax.presf,5«d  through  follow¬ 
ing  functions: 

I  f  (.r,  v)  --  «s*(y  -  ij,  1/  ...  ,[)  .4.  i, r{j  ,  j-j, 

Here  (x,  y)  is  the  coefficient  of  the  reflection  of  the  distorted 
pattern;  r(y.,  y)  is  the  accidental  function  of  the  noise,  and  •'/. 
are  accidental  magnitudes  char»,cteri King  the  location  of  the  etandax'd 
patteiT.  along  the  axes  X  and  Y  respectively;  a  and  b  are  accidental 
vaj.ues  deterinitiini-s  even  dD.iy::ening  and  even  change  of  the  cont'raftt  rE,tlo 
of  the  picture . 

By  iP.eano  of  the  -caranieters  a  and  b  we  might  d.escribe  auiy  ciiaage  in 
the  average  coefficients  of  the  background  and  daalgn  reflection. 

In  order  to  get  convinced  that  being  so  it  is  sufficient  to  keep 
in  mind  that  a  system  of  eq,viations 

I  P.,  -■  ®!'J  +  *  ■ 


where  >1^,  and  are  the  mean  coefficients  of  the  background  and 
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[design  for  the  istaiittarcd  and.  v>  j.  and  v?  ._  are  the  same  for  the  picture ^  f 
is  almvs  eoltecS.  concemlnjt  a  and.  b' in  case  v'r  f  ' 

One  can  'widte;  the  a,m.logou3  correlation  for  M-dilnensional  vectors 
obtained  as  an  dLss^Je  of  a  tracsfOM'&tion  of  the  pattern  by  s  scanning 
device ; 


>))  +  *•*- r,. 

In  accordB.nce5  vitln  the  above  substituted  criterion.,  one  lia.s  for  re- 
cofniition  an  unl^inown  pattern  ■?.  to  cosipute  n  values; 


(o  "I  'i 


The  irdniira  for  a  aieid  b  are  fO'and  in  a  genai'al  form*  Differentiating 
the  total  of  (<:,l)'oy  a  .and  b,  wa  ?.lnd: 


{ ''•  o\ 


2  “'J  (6v  n)  -  (J. « »»  0 ,.., 


(?.3) 


I'he  equations  (£i  c.2)  s.nd  (S.3)  det&rnsiine -the  values  a  end.  b,  correapond- 
ing  to  t.be  'aost  pKib&'ols  -3..  and  for  the  .^tlven  pattern.  Therefore, 
the  2-^:)OvS  (2.2)  and  (2* .3)  lie  for  all  real  patterns  in  the  range  of 
cieteriainiation  olT  the  [parameters  a  and  b  and  cori'aspond  to  the  ininiaitiir. 


Having  solvecl  the  eqaitloh  (2.2)  with  reg'.a.rd  to  'b,  one  obtains 

1|*V| 

'Introducing  fc'nt  designations; 


>*•1 


Then ; 


^  >2.S  p  s..  ip^  ^  . 

Substituting  thint  in  (2,3)  we  find 


S  !f*'|.  n)“*i>*'h  .'iMPsib  ''i) 

i«.i 


fl«t  introduce  the  designations: 
substitute  the  found  values  a  and  b  in  (2,1 ).  ‘Ihens 

•Jl  '  I  ■  T 


P*)  —  -3ir' 


i»  S  <?■  ^  IT 

S  ^  +. 

g  fid.  >)>*“» 

i"  ;  ■.,»  ' 


Let  Ui5  observe  that; 


■  ■■'■  ■  ■  ■  .  «-!■.  ..<5*^4;..^  -k,-. 


wherefore : 


%  analog:;: 


i 

Wl  . 


2  ’>)!*  ”  2  'j'  • 

>l>'t  liifi 


Let  us  introduce  the  designations; 

|jw{ 


Then: 


y 

As  far  as  the  value  ^  does  not  depend  on  and  '>1 

•i=/  - 

and  the  tack,  to  find  the  sitallest  hi,,  ,„;,,^is  e^uivaient  to  the  deter¬ 
mination,  of  the  gifiixlnium  of  the  v&.lue  or  —  v'hat  is  the  same 

the  mtixlffium  of  RK/VM]^  .for  all  values  of  and  and  also  for  k. 
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I'iie  eo2Bpu-l;ation  of  the  valne  com^s  to  the  detarTaiRation  of  f 

scalar  products  of  the  form; 


a.e  far  ns 


and 


X 

■  V:  I, 


1?^;  - 


Zi  3  Pif  J;  (t  1’.!  -  p  V  p J,  (5 ,  II I 

l-S  -.-i  (,  , 


p’fS.n'  -f*. 


It  is  liiatural  tc  presuppose  that  on  the  standard  patterns  the  'back¬ 
ground  has  a  constant  coefficient  of  reflection  in  all  its  points  and 
the  shifts  of  the  standard  come  forth  provided  that  the  design  dees 
not  transgress  the  'box'dere  of  the  deterailnation  range  of  the  pattern  . 
In  case,  the  mgnitudes  Mj,.  and  ^''do_niOt  depend  on  the  pararoeters 

of  the  shift.s  andv’  •  The  value  V'M,.;for  each  standard  can  be 
computed  beforehuand  for  an:)'  disposition  of  the  standard  pattern..  Then 
the  i!is,gnitude.?.  might  be  cosiiputsd  as'  scalar  products  of  the  vector 
of  an  vmknowti  pattern  hy  n  constant  vectors  /VAd^^.  In  order  to 
find  the  maxirauiti  c.^,,.for  all  possible  shifts  it  is  nee'estsary  to  place 
thie  contponenta  of  both  vectors  in  the  siuipe  of  rwitrices  and  displace 
these  m.atricef5  in  relation  to  one  another,!  computing  each  ti.we  the 
scaler  product  and  ooeparing  It  with  the  other  products?  obtained  by 
other  sliifts.  In  order  to  find  vith  these  shifts  for  each  component 
of  a  ceriiain  matrlr  the  corresponding  ccmj[50a.cnt  in  another  TEatri.K, 
thsj  shifts  mjst  be  made  cyclically,  i.  e,;  a.  line  or  a  col-ujim, 

trs  ns  grass  ins  lirmlts  of  t'he  matrix  on  one  side,  has  to  be  t.rs.nK- 
ferred  to  the  opposite  side  of  tbs  naitrix.  Instead  cf  blaat,  one 
might  have  matrices  of  different  sizes . 

The  dciscribed  algorithm  of  recognition  'nas  'been  exper-laientaliy 
Investigated  -with  the  aid  of  a  universal  computer.  Tlw.  te.ata  car¬ 
ried  out  uith  machine -recorded  numerals  checked  a  hiig'h  reliability 
of  j'ecogni tion .  With  a  low  quality  of  printing.,  the  probability 
of  error  is  on  the  order  of  .10 “"’i. 


3<  Conclusions 


I  In  order  to  recognlae  some  printed  .signs  under  conditions  where 
!  the  dlffe.rent  -patterns  of  a  certain  sign  might  dif:fer  by  progressive 

L_ 
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i 

P^’isp-laaeffients ,  even  changes  in  the  coefficients  of  reflection  of  the 
background  and  de»3igt>  or  by  the  presence  of  accidental  defects,  issues 
near  to  an  optiinusn  can  be  obtained  in  the  following  my. 

One  chooses  as  the  standard  a  pattejti  as  clearly  printed  as  possi¬ 
ble.  By  means  of  a  scanning  devise  t.be  pattern  la  ptat  on  I?  dlffe;rent 
intersecting  parts,  afad  the  elements  and  the  mean  coefficient  of  re- 
fkectloK  q-  (i  1,  2,  n)  is  checked  for  each  eiainent.  The  co- 

efficients' 'of  reflection  are  consequent'-y  represented  for  each  of  the 
n  stande.rd  patterns,  ^ ,  "oy  the  following  relation 


T!ie  thus  obtained  vectors  of  the  normalized  standards  are  reccjrded. 

In  order  to  j-ecogaize  unlmcwn  pattei>na,,  its  coefficients  of  re¬ 
flection  are  measured  by  means  of  the  same  scanning  device.  The  sca¬ 
lar  products  of  the  estcbj.ish®d  vector  are  subsequently  coxcputed  for 
all  noTOftlized  vectors  of  the  standards.  For  eac}i  stamiard  one  com¬ 
putes  the  scalar  proditct  roany  times,  while  the  components  of  the 
vectors  to  be  mrsltiplisd  ere  placed  in  such  a  way  as  to  imitate  all 
possible  shifts  of  the  standard  pattern  in  relation  to  the  pattern 
to  be  rscvjgniaed.  Thus  the  nximbar  of  scalar  p:roducts  to  be  cosputed 
is  equal  to  n.w,  whence  n  is  the  nxmiber  of  st/indards  and  w  the  number 
of  shifts .  One  has  to  find  the  greatest  scalar  product  asnong  ell 
the  cofi^uted  scalar  products.  The  number  of  the  denomimticn  of  the 
standard  for  which  onei  I'uaa  obtained  the  greatest  scalar  product  Is 
the  iesxie  of  recognitiOD . 

i 

The  proposed  algo.ritbm  ensures  high  reliability  of  recognition  and. 
might  constitute  e  baai.g  for  constructing  a  computer. 

Tlie  theoretical  methods  of  statistical  solutions  for  recognition 
have  also  been  used  heretofore  (see  [2],  [3])j  'hut  the  actual  paths 
of  distortions  were  not  taken  into  coris  Ids  ration  s.nci.  the  algorithms 
were  not  cojopleted  up  to  working  order. 

Thie  described  algorithm  of  recognition  dJ.ffers  from  other  algo¬ 
rithms  based  on  a  computation  of  .scalar  prcKlucts  (see  [H],  [51) 
to  the  extent  tiiat  the  jirqposed  method  of  de'te;rftiiinlT}g  the  s'bandards 
i.s  an  optimum  under  the  investigated  condl.tions. 

I  The  idea  of  pattern -recognition  by  cosi^arison  with  standards  .is 
j not  new  [6].  It  Is,  on  the  other  hand  easy  to  make  sure  that  a  direct 
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>  coBipytation  of  scalar  produciis  of  vectiors  describing  patterns  does  not 
enaiire  correct  recognitloc.  It  .is  necessary  to  aubt3,*act  the  s,ve3rt,ge 
B.nd  nomalise  the.  standard  patterns  in  th,io  or  s.notb.er  way^ 

Substaritiation  of  this  state  constitutes  the  basi.c  applied  Issue 
of  this  article- 
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